New Suppression System of Methane Explosion in Coal Mines  by Bochorishvili, Nika et al.
 Procedia Earth and Planetary Science  15 ( 2015 )  720 – 724 
1878-5220 © 2015 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibilty of the Organizing Commitee of WMESS 2015.
doi: 10.1016/j.proeps.2015.08.102 
Available online at www.sciencedirect.com
ScienceDirect
:RUOG0XOWLGLVFLSOLQDU\(DUWK6FLHQFHV6\PSRVLXP:0(66
1HZ6XSSUHVVLRQ6\VWHPRI0HWKDQH([SORVLRQLQ&RDO0LQHV
1LND%RFKRULVKYLOLD1LNROR]&KLNKUDG]HDF(GJDU0DWDUDG]HD,UDNOL$NKYOHGLDQLD
0LNKHLO&KLNKUDG]HDF7KHRGRU.UDXWKDPPHUE
aG. Tsulukidze Mining Institute. 7, Mindeli St., Tbilisi, 0186, Georgia 
bCenter for Infrastructure Protection and Physical Security. University Of Florida, USA 
c Georgian Technical University, 0175, Tbilisi, Georgia 
$EVWUDFW
6WDWLVWLFVVKRZVWKDWWKHPDMRULW\RIDFFLGHQWVZLWKIDWDORXWFRPHDUHFDXVHGE\PHWKDQHDQGRUFRDOGXVWH[SORVLRQ7KLVOHDGVWR
DVVXPSWLRQ WKDW FRQWHPSRUDU\ FRXQWHUH[SORVLRQ V\VWHPV RI YDULRXV GHVLJQV FDQQRW EH FRQVLGHUHG HIIHFWLYH &RQVLGHULQJ WKH
JURZLQJ WKUHDWRIPHWKDQHH[SORVLRQ LQ WKHFRPLQJ\HDUV DORQJZLWK WKHGHYHORSPHQWRIGHHSHU OHYHOV WKH LPSURYHPHQWRID
V\VWHPIRUSURWHFWLQJSHRSOHLQXQGHUJURXQGRSHQLQJDSSHDUVWREHHVVHQWLDO7KLVSDSHUSUHVHQWVWKHUHVXOWVRIWKHWHVWLQJRIWKH
$XWRPDWLF6\VWHPIURP0HWKDQH([SORVLRQLQ&RDO0LQHV7KHSURWHFWLYHV\VWHPFRQVLVWVRIDZLUHOHVVGHYLFHIRUWKHGHWHFWLRQ
RI H[SORVLRQV DQG DFWLYDWLRQ RI D SURWHFWLYH V\VWHP DQG DQ DEVRUEHU ZLWK D S\URWHFKQLF GHYLFH HQVXULQJ WKH GLVFKDUJH RI
GLVSHUVHGZDWHU7KH SURWHFWLYH V\VWHP DW WKH FRPPDQGRI WKH LQLWLDWLRQ VLJQDO SURGXFHV WDLORUHG GLVSHUVLQJZDWHUPLVWZLWK
GURSOHWVL]HVLQWKHUDQJHRI±PDORQJVHOHFWHGWXQQHOVHFWLRQV
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHRUJDQL]LQJFRPPLWWHHRI:0(66
Keywords:&RDO0LQHV0HWKDQH([SORVLRQ6KRFNZDYH:DWHUPLVWDWWHQXDWLRQ

,QWURGXFWLRQ
$W SUHVHQW PLQHV LQ GLIIHUHQW FRXQWULHV XVH LPPRYDEOH RU PRYHDEOH SDVVLYH ZDWHU WURXJK EDUULHU IRU WKH
SURWHFWLRQIURPPHWKDQHH[SORVLRQ7KHSURWHFWLYHZDWHUEDUULHULVFUHDWHGLQWKHSURFHVVRIWKHVSLOORIZDWHUIURP
OLWUHYROXPHWURXJKV7KHSURWHFWLYHV\VWHPDFWLYDWHVDQGZDWHUGLVSHUVHVH[FOXVLYHO\DWWKHH[SHQVHRIEODVW
SUHVVXUH 7KH UHTXLUHPHQWV WR WKH SDVVLYHZDWHU WURXJK EDUULHUV DUH SURYLGHG LQ WKH VWDQGDUG (1 
$FFRUGLQJWRWKHVWDQGDUGWKHGLVWDQFHEHWZHHQWKHEDUULHUVVKRXOGQRWH[FHHGPIRUFRQFHQWUDWHGZDWHUWURXJK


&RUUHVSRQGLQJDXWKRU7HO
E-mail address:PLQLQJQLND#\DKRRFRP
© 2015 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibilty of the Organizing Commitee of WMESS 2015.
721 Nika Bochorishvili et al. /  Procedia Earth and Planetary Science  15 ( 2015 )  720 – 724 
EDUULHUDQGPIRUGLVWULEXWHGZDWHUWURXJKEDUULHU:DWHUFRQFHQWUDWLRQDWEDUULHUORFDWLRQVKRXOGEHDWOHDVWOP
DQGOPUHVSHFWLYHO\([SHULPHQWV/03HMLFHWDOFRQGXFWHGDFFRUGLQJWRWKHVWDQGDUGVKRZWKDWWKHWLPH
IRU SDVVLYHZDWHU WURXJK EDUULHU DFWLYDWLRQ YDULHV IURP  V DQG  V 7KH\ DOVR UHYHDO WKDW SDVVLYH EDUULHUV
SURWHFW HIIHFWLYHO\ DJDLQVW WKH VSUHDG RI IODPH EXW WKH\ DUH QRW FDSDEOH RI HQVXULQJ WKH DWWHQXDWLRQ RI EODVW
RYHUSUHVVXUH $SDUW IURP WKDW WKH LPSOHPHQWDWLRQ RI PLQLQJ ZRUNV WRJHWKHU ZLWK WKH LQVWDOODWLRQ RI GLIIHUHQW
HTXLSPHQWDVUHTXLUHGE\(1LVYHU\GLIILFXOWRUHYHQXQIHDVLEOHHVSHFLDOO\LQVPDOOFURVVVHFWLRQJDOOHULHV
'XH WR LWV OLPLWHG HIIHFWLYHQHVV DQG D ORQJ SHULRG UHTXLUHG IRU WKH DFWLYDWLRQ ZDWHU WURXJK EDUULHUV IDLO WRPHHW
FRQWHPSRUDU\FKDOOHQJHV
$QDXWRPDWLFH[SORVLRQH[WLQJXLVKLQJV\VWHPDFWLYDWHGE\PHDQVRIDEODVWRUIODPHGHWHFWRUKDVDGYDQWDJHVRYHU
SDVVLYHRUDFWLYHZDWHUWURXJKEDUULHUV$QDXWRPDWLFV\VWHPHQDEOHVWKHXVHRIGLVSHUVHGZDWHUDVDQH[WLQJXLVKLQJ
DJHQW DQG IDFLOLWDWHV DQ LPPHGLDWH IRUPDWLRQ RI D ZDWHU PLVW EDUULHU 6WXGLHV KDYH VKRZQ WKDW ZDWHU PLVW LV
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7KRPDV9DQ:LQJHUGHQ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6\VWHPVRIWKLVNLQGDUH
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Ⱥ93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%968.³*UDYLQHU´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5XVVLD $&93/986 HWF5HVHDUFKKDVEHHQGRQH WRGHYHORS D V\VWHP IRUSURWHFWLRQ IURPGXVW H[SORVLRQ LQ
LQGXVWULDO VLWHV DQG SODQWV SURGXFLQJ FKHPLFDOV SODVWLFV WH[WLOHV SXOS DQG SDSHU SKDUPDFHXWLFDOV DQG PLOOLQJ
RSHUDWLRQV=DORVK'LHUGRUI	+DZN
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
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7KHWLPHRIWKHIRUPDWLRQRIEODVWDEVRUELQJPHGLDE\
WKHVHV\VWHPVLVDERXWPVLHWKHSURWHFWLYHV\VWHPVIDLOWRDEVRUEEODVWRYHUSUHVVXUHDWDGLVWDQFHRI
PIURPWKHEODVW VLWH LI WKHSURSDJDWLRQYHORFLW\RI WKHVKRFNZDYH LV W\SLFDOO\PV)DVWHUEODVW
ZDYHVZLOOLQFUHDVHWKHVHGLVWDQFHV
 ,QDGHTXDWHGLVFKDUJHRIDEODVWDEVRUELQJDJHQWUHTXLUHGIRUUHGXFLQJWKHH[FHVVSUHVVXUHDQGWHPSHUDWXUH
WR DQ DFFHSWDEOH YDOXH DV ZHOO DV WKH LQDELOLW\ WR PHHW WKH JHRPHWULF FRQVWUDLQV RI DQ XQGHUJURXQG
VWUXFWXUH
7KLVSDSHUSUHVHQWVWKHUHVXOWVRIWKHWHVWLQJRIDQHZSURWHFWLQJV\VWHPIURPH[SORVLRQVLQWXQQHO7KHV\VWHP
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&,336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H[SHULPHQWVZKLFKLQFOXGHG
 WHVWLQJ RI PHWKRGV RI EODVW LGHQWLILFDWLRQ DQG DEVRUEHU DFWLYDWLRQ LQ WXQQHOV DV ZHOO DV D FRPSDUDWLYH
DQDO\VLVRIWKHLUUHOLDELOLW\DQGVSHHG
 H[SHULPHQWDOVWXG\RIWKHUHGXFWLRQRIEODVWRYHUSUHVVXUHE\GLIIHUHQWGDPSLQJDJHQWVDQGWKHVHOHFWLRQRI
DQHIILFLHQWGDPSLQJDJHQW
 WHVWLQJRIPRGHOVRINH\FRPSRQHQWVRIDQDEVRUEHU
7KHUHVXOWVRIWKHSUHOLPLQDU\VWXG\&KLNKUDG]HHWHO0DWDUDG]HHWHODE/RPLG]HHWHO
IRUPHGWKHEDVLVIRUWKHSURWRW\SHSURGXFWLRQDQGWHVWLQJ7KHSURSRVHGSURWHFWLYHV\VWHPFRQWDLQV
 DZLUHOHVV V\VWHP IRU WKH GHWHFWLRQ RI H[SORVLRQV DQG DFWLYDWLRQ RI DQ DEVRUEHUZLWKRXW H[WHUQDO SRZHU
VXSSO\
 DQDEVRUEHURIDQHZGHVLJQZLWKDS\URWHFKQLFGHYLFHIRUTXLFNGLVFKDUJHRIZDWHUDQGDZDWHUFRQWDLQHU
ZLWKQR]]OHVIRUGLVSHUVHGZDWHUPLVWIRUPDWLRQ
7ZR GLIIHUHQW GHVLJQV RI D VKRFN ZDYH DEVRUEHU ZLWK D S\URWHFKQLF HOHPHQW ZRUNLQJ RQ VWDQGDUG VLJQDOV
JHQHUDWHGE\WKHLGHQWLILHURIWKHH[SORVLRQZHUHWHVWHGLQXQGHUJURXQGFRQGLWLRQV2QHRIWKHVKRFNZDYHDEVRUEHUV
ZDVGHVLJQHGIRUKRUL]RQWDOGLVSHUVDOZKLOHDQRWKHUIRUYHUWLFDOGLVSHUVDO
$QDEVRUEHUFRQVLVWVRIDFRQWUROEORFNDS\URWHFKQLFGHYLFHDZDWHUFRQWDLQHUDQGQR]]OHV$VLJQDOJHQHUDWHG
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LQDGHWHFWRUEORFNWUDQVPLWWHULVUHFHLYHGE\DQDEVRUEHUFRQWUROEORFNZKLFKSURGXFHVDVWDUWVLJQDODQGVHQGVLWWR
WKHHOHFWULFDOLQLWLDWRURIDJDVJHQHUDWRU+LJKJDVSUHVVXUHLVJHQHUDWHGLQDFKDPEHUDQGLVWUDQVIHUUHGWRWKHZDWHU
LQFRQWDLQHUV7RJHWKHUZLWKWKHGHYHORSPHQWRISUHVVXUHLQDFRQWDLQHUQR]]OHVEHJLQGLVFKDUJLQJZDWHUFUHDWLQJD
GLVSHUVHGZDWHUPLVWLQDQDUHDWREHSURWHFWHG)LJXUH3%(7(W\SHQR]]OHVSURGXFLQJPLVWZLWKGURSOHWVL]H
±PZHUHXVHG


)LJ±7HVWVDPSOHVRIDQDEVRUEHUȺ±IRUKRUL]RQWDOGLVSHUVDOȼ±IRUYHUWLFDOGLVSHUVDODEVRUEHUFRQWUROEORFNS\URWHFKQLFGHYLFH
ZDWHUFRQWDLQHU±QR]]OHV

$EVRUEHUV DUH LQVWDOOHG DW UHJXODU GLVWDQFH IURP HDFK RWKHU DORQJ WKH SURWHFWHG XQGHUJURXQG RSHQLQJV 7KH
GLVWDQFHEHWZHHQQHLJKERXULQJ DEVRUEHUV LV GHWHUPLQHG DFFRUGLQJ WR WKH VSHHGRI VKRFNZDYHXQGHU DQ H[SHFWHG
H[SORVLRQDQGTXLFNDFWLRQRIDQDEVRUEHU'HSHQGLQJRQ WKHFURVVVHFWLRQRIXQGHUJURXQGRSHQLQJVRQH WZRRU
PRUHDEVRUEHUVFDQEHLQVWDOOHGDORQJWKHWXQQHOVHFWLRQ
7HVWSURFHGXUH
7KHPHWKRGRORJ\RIWHVWLQJRIDPLVWJHQHUDWRULQWKHXQGHUJURXQGRSHQLQJLPSOLHGWKHIROORZLQJ
, FRQWURORIWLPHFKDUDFWHULVWLFVRIUHVSRQVHRIDQDEVRUEHUXQGHUEODVWV
,, PHDVXUHPHQWRIRYHUSUHVVXUHVLQDWXQQHOZLWKPLVWJHQHUDWHGE\DQ
7HVWLQJZDVFRQGXFWHGLQWKHWXQQHORIWKHXQGHUJURXQGH[SHULPHQWDOEDVHRIWKH0LQLQJ,QVWLWXWH7XQQHOVL]HV
KHLJKW±PZLGWK±PWRWDOOHQJWK±PVXSSRUWHGE\UHLQIRUFHGFRQFUHWH
$ KRUL]RQWDO DEVRUEHUZDV ORFDWHG DW WKHZDOO RI WKH WXQQHO$W DQRWKHU VWDJH RI WHVWLQJ D YHUWLFDO DEVRUEHUZDV
ORFDWHGDWWKHURRIRIWKHWXQQHO:LWKWKHDFWLYDWLRQRIWKHDEVRUEHUPLVWZDVJHQHUDWHGDORQJWKHHQWLUHVHFWLRQRI
WKHWXQQHO)LJXUH7KHKRUL]RQWDODQGYHUWLFDODEVRUEHUVZHUHWHVWHGXQGHUWKHIROORZLQJFRQGLWLRQV
 FKDUJHZHLJKW: NJ: NJ
 GLVWDQFHIURPFKDUJHWRVHQVRUVIURPFKDUJHWRPLVWPIRUKRUL]RQWDODEVRUEHUDQGPIRUYHUWLFDO
DEVRUEHU
 ZLGWKRIPLVWP
2YHUSUHVVXUHV ZHUH PHDVXUHG E\ PHDQV RI WKUHH VHQVRUV IL[HG DW   DQG  P IURP WKH WXQQHO IORRU
UHVSHFWLYHO\
:LWK WKH DLP RI FRQWUROOLQJ WLPH FKDUDFWHULVWLFV D EODVWPRPHQW DQ DEVRUEHU DFWLYDWLRQPRPHQW DQG D VKRFN
ZDYH DUULYDO XQGHU WKH H[SORVLRQ RI D  NJ FKDUJH DW WKH GLVWDQFH RI P IURP WKH DEVRUEHUZHUH UHFRUGHG$
SUHVVXUH VHQVRUZDV LQVWDOOHG LQ DQ DEVRUEHU FRQWDLQHU DQG FRQQHFWHG WR DQRVFLOORVFRSH WR UHFRUGSHDNSUHVVXUHV
JHQHUDWHGLQDK\GURV\VWHPDIWHUWKHDFWLYDWLRQRIDJDVJHQHUDWRU

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

)LJ7HVWSODQ&+±FKDUJH*&*±SUHVVXUHVHQVRUV
7HVWUHVXOWV
7KHWLPHKLVWRULHVRIVKRFNZDYHDUULYDOEHIRUHDQGDIWHUPLVWDUHSUHVHQWHGLQ)LJXUH

)LJ±7KHWLPHFKDUDFWHULVWLFRIDQDEVRUEHU
7HVWUHVXOWVKDYHVKRZQWKDWWKHWLPHRIWKHDEVRUEHUDFWLYDWLRQIURPWKHPRPHQWRIEODVWLVPVDQGWKHWLPH
RIVKRFNZDYHDUULYDOIURPWKHPRPHQWRIDEVRUEHUDFWLYDWLRQLVPV7KLVPHDQVWKDWXQGHUWKHLQGLFDWHGEODVW
FRQGLWLRQVWKHVKRFNZDYHDUULYHVDIWHUPLVWIRUPDWLRQDQGDEVRUEHULVRSHUDEOH$QDEVRUEHUDWWKHFRPPDQGRIWKH
LQLWLDWLRQ VLJQDO SURGXFHV WDLORUHG GLVSHUVLQJ ZDWHU PLVW DORQJ VHOHFWHG VHFWLRQV 7KH VSHHG RI D GDPSLQJ DJHQW
GLVFKDUJHIURPDQDEVRUEHUGHSHQGVRQWKHSHDNSUHVVXUHVLQDZDWHUFRQWDLQHUDQGWKHGLVWDQFHIURPWKHQR]]OH)RU
SUHVVXUHVXQGHUEDUWKHVSHHGRIGLVFKDUJHZDVPVDWDPGLVWDQFH9ROXPHRIDJHQWGLVFKDUJLQJIURPWKH
DEVRUEHUYDULHGDFURVVWHVWLQJF\FOHVIURPWROLWUHV
$EVRUEHUHIILFLHQF\LVDVVHVVHGE\PHDQVRIDFRHIILFLHQWRIWKHUHGXFWLRQRIPD[LPXPRYHUSUHVVXUHV. ǻ3Eǻ3P
ZKHUHǻ3EDQGǻ3PDUHRYHUSUHVVXUHZLWKRXWDQGZLWKZDWHUPLVW7KHUHVXOWVDUHJLYHQLQWKH7DEDQG7DE

7DEOH6KRFNZDYHRYHUSUHVVXUHZLWKRXWPLVWDQGZLWKPLVWIRUKRUL]RQWDODEVRUEHU
ʋ
VHQVRUV
2YHUSUHVVXUHǻ3N3D
: NJ : NJ
:LWKRXW
PLVWǻ3E
:LWKPLVW
ǻ3P
. ǻ3Eǻ3P :LWKRXW
PLVWǻ3E
:LWKPLVW
ǻ3P
. ǻ3Eǻ3P
*      
*      
*      
$YHUDJH      
724   Nika Bochorishvili et al. /  Procedia Earth and Planetary Science  15 ( 2015 )  720 – 724 
7DEOH6KRFNZDYHRYHUSUHVVXUHZLWKRXWPLVWDQGZLWKPLVWIRUYHUWLFDODEVRUEHU
ʋ
VHQVRUV
2YHUSUHVVXUHǻ3N3D
: NJ : NJ
:LWKRXW
PLVWǻ3E
:LWKPLVW
ǻ3P
. ǻ3Eǻ3P :LWKRXW
PLVWǻ3E
:LWKPLVW
ǻ3P
. ǻ3Eǻ3P
*      
*      
$YHUDJH      
&RQFOXVLRQV
7KH QHZ KLJKVSHHG VXSSUHVVLRQ V\VWHP DFWLYDWHG DW WKH FRPPDQG RI WKH LQLWLDWLRQ VLJQDO SURGXFHV WDLORUHG
GLVSHUVLQJZDWHUPLVWZLWKGURSOHWVL]HVLQWKHUDQJHRI±PDORQJVHOHFWHGVHFWLRQVRIDWXQQHODQGKDVWKH
IROORZLQJSURSHUWLHV
 WKHWLPHRIDEVRUEHUDFWLYDWLRQIURPWKHPRPHQWRIEODVWPV
 VSHHGRIDGDPSLQJDJHQWGLVFKDUJHIURPDQDEVRUEHU±PV
 YROXPHRIGLVFKDUJH±OLWHUV
 UHGXFWLRQRIVKRFNZDYHRYHUSUHVVXUHVE\PHDQVRIDQDEVRUEHU±WLPHV
 WKHGLVWDQFHEHWZHHQDWUDQVPLWWHUDQGDUHFHLYHULQDGLUHFWWXQQHODWOHDVWPLQDWXQQHOZLWKD
EHQGLQJP
 PLQLPXPRYHUSUHVVXUHIRUDFWLYDWLRQRIDQDEVRUEHUN3D
7KHSUHVHQWHGPLVWJHQHUDWRUFDQEHDSSOLHGLQPRWRUZD\DQGUDLOZD\WXQQHOVFRDOPLQHVH[SORVHGWRWKHWKUHDW
RIPHWKDQH H[SORVLRQ ODQG RU VHDEDVHGRLO SODWIRUPV RWKHU SHWURFKHPLFDO SODQWV DQG ORQJ VXSHUVWUXFWXUHVZLWK
OLPLWHGFURVVVHFWLRQVWKDWFRXOGEHORDGHGE\JDVRUGXVWH[SORVLRQV
$FNQRZOHGJHPHQWV
7KHZRUNZDVSHUIRUPHGZLWKWKHILQDQFLDOVXSSRUWRIWKH1$726I33URJUDPPHDQG*16)
5HIHUHQFHV
0DWDUDG]H(&KLNKUDG]H1%RFKRULVKYLOL1$NKYOHGLDQL7 6\VWHP)RU 3URWHFWLQJ3HRSOH )URP0HWKDQH([SORVLRQ ,Q
&RDO0LQHVUG:RUOG0LQLQJ&RQJUHVV3URFHHGLQJV0RQWUHDO&DQDGD
 &KLNKUDG]H 0 %RFKRULVKYLOL 1 $NKYOHGLDQL , .DOLFKDYD , 0DWDUDG]H ( :LUHOHVV V\VWHP IRU H[SORVLRQ GHWHFWLRQ LQ
XQGHUJURXQGVWUXFWXUHV3KRWRQLFV$SSOLFDWLRQVLQ&RPPXQLFDWLRQV,QGXVWU\DQG+LJK(QHUJ\3K\VLFV([SHULPHQWV9RO
 'LHUGRUI ' +DZN -  %ODVW ,QLWLDWHG 'HOXJH 6\VWHP DQ 8OWUD+LJK6SHHG )LUH 6XSSUHVVLRQ 6\VWHP (1 
³([SORVLRQ SUHYHQWLRQ DQG SURWHFWLRQ LQ XQGHUJURXQG PLQHV  3URWHFWLYH V\VWHPV  3DUW  3DVVLYH ZDWHU WURXJK EDUULHUV´
ZZZQISDRUJDVVHWVILOHV3')3URFHHGLQJV%ODVWB,QLWLDWHGB'HOXJHB6\VWHP''LHUGRUI
 -+DZNBSDSHUSGI
 /RPLG]H,&KLNKUDG]H10DWDUDG]H(.UDXWKDPPHU7$6KRFN:DYH$EVRUEHU7KH'HYLFHDQG0DWKHPDWLFDO0RGHO
3URFHHGLQJVWK,QWHUQDWLRQDO0XOWLGLVFLSOLQDU\6FLHQWLILF*HRFRQIHUHQFHSS±
 0DWDUDG]H(.UDXWKDPPHU7&KLNKODG]H1 &KDJHOLVKYLOL(D ,QIOXHQFHRI/LTXLG3KDVH&RQFHQWUDWLRQRQ6KRFN:DYH
$WWHQXDWLRQLQ7XQQHOV3URFHHGLQJVWK,QWHUQDWLRQDO6\PSRVLXPRQ0LOLWDU\$VSHFWVRI%ODVWDQG6KRFN-HUXVDOHP,VUDHO
 0DWDUDG]H(.UDXWKDPPHU7&KLNKODG]H1&KDJHOLVKYLOL(E5HVXOWVRI%HQFK7HVWLQJRID1HZ$XWRPDWLF6\VWHPIRU
3URWHFWLRQ3HRSOHDQG8QGHUJURXQG)DFLOLWLHV IURP,QWHUQDO([SORVLRQV0DWHULDOVRI WKH7KLUG ,QWHUQDWLRQDO&RQIHUHQFHRQ'HVLJQ
DQG$QDO\VLVRI3URWHFWLYH6WUXFWXUHV6LQJDSRUHSS±
 3RGREUD]KLQ6']KLJULQ$*RUORY$([SORVLRQSURWHFWLRQRIFRDOPLQHV)LUHDXWRPDWLFV5XVVLDQ
 6FKHYWVRY13URWHFWLRQRI8QGHUJURXQG6WUXFWXUHVIURP([SORVLRQV7HDFKLQJDLGIRULQVWLWXWHVRIKLJKHUHGXFDWLRQ'RQHWVN
©1RUG3UHVVª5XVVLDQ
 7KRPDV*22QWKH&RQGLWLRQV5HTXLUHGIRU([SORVLRQ0LWLJDWLRQE\:DWHU6SUD\V7UDQV,&KHP(3DUW%3URFHVV6DIHW\
DQG(QYLURQPHQWDO3URWHFWLRQ9ROSS±
 9DQ:LQJHUGHQ.0LWLJDWLRQRI*DV([SORVLRQV8VLQJ:DWHU'HOXJH3URFHVV6DIHW\3URJUHVVYSS±
 =DORVK 5  1HZ 'HYHORSPHQWV LQ ([SORVLRQ 3URWHFWLRQ 7HFKQRORJ\ )LUH DQG (PHUJHQF\ 6HUYLFHV
$VLD6LQJDSRUHZZZILUH[SORFRPLPDJHV1HZB([SORVLRQB3URWHFWLRQB7HFKQRORJ\SGI
 =RX'+3DQDZDODJH63DVVLYHDQG7ULJJHUHG([SORVLRQ%DUULHUVLQ8QGHUJURXQG&RDO0LQHV$OLWHUDWXUHUHYLHZRIUHFHQW
UHVHDUFK5HSRUWWR&$10(71DWXUDO5HVRXUFHV&DQDGD

